The oxidation behavior of Al-Si-Mg alloy along with the addition of boric acid particles in the temperature range from 1000℃ to 1200℃ was investigated for aerospace applications. Directly oxidized aluminum with the effect of alloying elements introduced with nontraditional infiltration technique produce both borosilicate particulates and/or fiber structure of reinforced aluminum matrix composite. Two different fabrication processes are utilized either by change of composite constituents weight fraction, or by the fixation weight fraction along with pressureless infiltration technique. Two different approaches introduced for new nontraditional hybrid aluminum matrix composites. The dependence of reinforcement weight fraction on direct oxidation time and the addition of alloying elements is controlled by pressureless infiltration process. Using recycled aluminum alloy, aluminum alloy containing Si and Mg as matrix induce the synthesis of either particulates and/or fiber in residual aluminum matrix. Boric acid added at 5 % weight fractions either with DIMOX or with DIMOX and infiltration technique. The obtained results analyzed utilizing optical microscopy, scanning electron microscopy with energy dispersive X-ray spectroscopy, in addition to mechanical characterization. The control of composite ingredients shape, size and uniformity is obtained via nontraditional pressureless infiltration technique. Besides, bulk and Nano borosilicate and carbon fibers are also intrinsically introduced.
Introduction
A composite material is a "material system" composed of a combination of two or more micro or macro constituents that differ in form, chemical composition and which are essentially insoluble in each other. Aluminum-matrix composites are not a single material but a family of materials whose stiffness, strength, density, thermal and electrical properties can be tailored. The matrix alloy, reinforcement material, volume and shape of the reinforcement, location of the reinforcement and fabrication method can all be varied to achieve required properties. The aim involved in designing metal matrix composite materials is to combine the desirable attributes of metals and ceramics. One of the major challenges when processing MMCs is achieving a homogeneous distribution of reinforcement in the matrix as it has a strong impact on the properties and the quality of the material [1] .
To obtain a specific mechanical/physical property, ideally, the MMC should consist of fine fibers/whiskers distributed uniformly in a ductile matrix and with clean interfaces between ingredients and matrix. MMCs are generally processed with solid state processing (hot unidirectional pressing and hot isostatic pressing), and liquid metal routes (stir casting and infiltration). However, A direct metal oxidation, DIMOX, route is also used for specific applications [2] .This work aimed at the application of DIMOX along with infiltration technique for the synthesis and processing of aluminum metal matrix composite reinforced with both whiskers/particulates and fibers in a nontraditional hybrid materials for aerospace applications. One of the problems associated with the infiltration route is the high volume fraction of the reinforcement which requires additional processes to dilute the content to the required levels. Prolonged processing times and increased processing steps at elevated temperatures aid the chemical reactions between matrix and reinforcements, which often result in brittle secondary phases [3] .Metal matrix composites (MMCs) are one of the important innovations in the development of advanced materials.
Among the various matrix materials available, aluminum and its alloys are widely used in the fabrication of MMCs and have reached the industrial production stage. The emphasis has been given on developing affordable Al-based MMCs with various hard and soft reinforcements (SiC, Al 2 O 3 , borosilicate, and others delocalized zone of interests) because of the likely possibilities of these combinations in forming highly desirable composites [4] . Borate glass, in the form of fibers or particulates, has long been recognized as a high-strength, low-density material. Aluminum borosilicate fibers/particulate MMCs produced by solidification techniques represent a class of inexpensive tailor-made materials for a variety of engineering applications such as aerospace components [5] , bushes, and bearings [6] . Their uses are being explored in view of their superior technological properties such as the low coefficient of friction [7] , low wear rate [8] , superior gall resistance [3] and high thermal limitations [9] .This has led to increases research interest on evaluating the effect of type and weight fraction of reinforcement in the matrix and procedure that used to produce of MMCs [9] [10] [11] [12] [13] . In this investigation varying volume fractions of boric acid are added to the recycled 6xxx aluminum alloy to state the solubility limit and the kinetic of boric acid addition to the DIMOX aluminum. The addition of infiltration technique to the DIMOX sample is introduced with remarkable results. The control of reinforcements shape and size along with its uniformity are obtained. Constituents" agglomeration as well as its non-uniformity is achieved via infiltration. New carbon rich borosilicate fiber in bulk and Nano scale is achieved.
Materials and Methods

Materials
The matrix material used in the experimental investigation was an aluminum alloy (Si -8.54%, Mg -1.13 %), whose chemical composition is listed in Table 1 . 
Experimental Procedure
The metal matrix composite used in the present work was carried out either by the direct metal oxidation method, DIMOX, or DIMOX with infiltration technique. The aluminum metal (scrap) was melted to the desired DIMOX temperature of 1150 o C in alumina crucibles with addition of 5 wt. % boric acid. The melt was hold in the furnace for a prescribed holding time of 20 minutes. A three-phase electrical resistance furnace with temperature controlling device was used for melting. For each melting 300 -400 g of alloy was used. The DIMOX molten metal was then poured in a metallic mold. For the purpose of comparison, the DIMOX samples were applied to non-traditional infiltration technique. The DIMOX samples, with 5 wt. % boric acid additions, were then dipped in molten boric acid at temperatures of 
Results and Discussions
Macro-and micro structural characterization
Macro structural studies were conducted in order to investigate the distribution of composite constituents intrinsically retained in the residual aluminum metal matrix. Samples were taken to reveal the particle distribution on a macroscopic scale at fracture surface. Micro structural characterization studies were conducted on unreinforced as well as on reinforced samples. This was accomplished by using optical microscope. The composite samples were metallographically polished prior to examination. Characterization was done in etched conditions. Figure 1 to 3 present macrostructure characterizations of the DIMOX samples without addition and with the addition of 5 % boric acid compared to that with DIMOX and infiltration technique respectively (5 % boric acid). Composite constituents more dominant at Figure 2 , however with agglomeration and delocalized coarse whiskers and nonuniformity of reinforcements. Figure 3 presents the uniformity of composite constituents along fracture surface that conducted with DIMOX and infiltration technique.
Microstructure Examination
Metallographic samples were sectioned from the cast bars. A 0.5 % HF solution was used to etch the samples wherever required. To see the difference in distribution of fiber/whiskers in the aluminum matrix microstructure of samples; first group of sample was prepared with DIMOX with 5 wt. % boric acid addition, and the second group of sample has been fabricated with the addition of infiltration technique just after DIMOX. The two groups were developed via the recycling of aluminum alloy, Al-Si-Mg scrap. The objective of this work is to monitor the effect of infiltration technique as a new nontraditional process that induces fibrous or whiskers structure reinforced aluminum alloy. Agglomeration and non-uniformity of composite constituents were dominant when applying DIMOX. Figure 4 presents scanning electron microscopy of DIMOX sample at 1150 o C and 5 % boric acid with delocalized bulk Paper: ASAT-15-163-ST whiskers agglomeration at sample center. Non-uniformity and delocalized composite ingredients were obtained as massive whiskers (5-350 m). Figure 5 presents scanning electron microscopy of DIMOX sample at 1150 o C and 5 % boric acid with delocalized bulk randomly distributed fibers at sample surface (low mag.). Three different composite constituents were monitored at the surface of the sample as; short fibers (A), particulates (B) and bulk whiskers (C) and presented in Figure 6 . Faceted structure is the character of grain boundaries as well as bulk whiskers that presented at Figure 7 and Figure 8 for high magnification. Energy dispersive X-ray spectroscopy is conducted at the three different composite constituents A, B and C and presented in Figure 9 to Figure 11 respectively. The EDX analysis is summarized by Chemical composition of delocalized zone of interests, fiber (A), particulates (B), and bulk whiskers (C) and presented in Table 2 . The DIMOX structure with boric acid addition introduced with non-uniformity of composite structure along its central axis. The segregation of alloying elements induces hybrid composite structure with different composite ingredients. Figure 12 and 13. However Figure 14 and Figure 15 present two different types of fibrous structure 10 m and 1 m fiber diameter thickness. EDX is conducted to resolve the three types of fibrous structure those being obtained and analyzed at Figure 16 , 17 and 18for dispersed fiber, embedded fiber and coating fiber respectively. The final chemical compositions of the three type of fiber are being concluded in table 3. Borosilicate fibers in a bulk as well as in Nano scale are introduced as coating as well as dispersed fibers. Boron content is dominant at the three types of delocalized fibers that are recommended for aerospace applications as well as in biomedical engineering applications. 
Conclusions
DIMOX with the addition of boric acid is introduced with new nontraditional hybrid composite structure with fibrous and particulates. The non-uniformity and agglomeration of composite constituents is dominant along surface and through sample center. The wettability of composite constituents that intrinsically produced along with alloy segregation has a synergetic effect of composite processing. The addition of infiltration technique directly after DIMOX at 550 o C for 20 minutes holding time introduced with its structural effect. The control of ingredients shape and size and its delocalized zone is introduced with new nontraditional hybrid composite structure. The refinements of fibrous/whiskers with its uniformity is introduced with the control of boron contents along three types of fibers. Dispersed, embedded and coating fibers are three different fibers obtained via infiltration technique. Infiltration technique is being considered as a semisolid reaction, rheocasting, that has a tremendous effect on sample coating, increase the solubility limit of boric acid that induce a nontraditional borosilicate fibrous structure. The agglomeration and nonuniformity of composite constituents are being controlled via infiltration technique. Borosilicate richcarbon fibers are introduced as coating and intrinsically mechanically alloyed in a hybrid composite structure.
